The Head and Neck (H&N) anesthesia subspecialty is developing and expanding rapidly, placing increased demands on training anesthesiologists with a special expertise in the field. We present the structure and experience of the formal Stanford H&N Anesthesia and Advanced Airway Management Training Program, which includes a 20-year history of conducting subspecialized residency training and a 10-year history of fellowship training. The highlights of the Stanford H&N anesthesia training include a structured program, a large group of enthusiastic and dedicated faculty, high and diverse surgical volume, state-of-the-art anesthetic techniques, extensive advanced airway management teaching and training, and excellent research and scholarly opportunities. We offer the Stanford H&N anesthesia learning objectives and milestones, as well as the Stanford Learning Portfolio and the Portfolio Evaluation for download, sharing and modification. On the basis of our experience, we also summarize the essential requirements for successful subspecialty training in H&N anesthesia and advanced airway management.
T he field of Head and Neck (H&N) anesthesia is undergoing a rapid and fundamental transformation, marching along with the expanding range and precision of H&N surgery. Advances and demands of the new H&N surgical techniques, as well as a growing patient population that was previously considered unsuitable or unfit for surgery, have created new unique challenges for the anesthesiologist [1] . State of the art anesthesia and airway management for H&N surgery require the anesthesiologist to be adept at a plethora of difficult airway management techniques, flawlessly execute different intraoperative ventilation strategies, be highly proficient with both inhalational and total intravenous anesthesia, be able to quickly tailor anesthetic techniques to the variable duration of the surgical procedures, and provide smooth, nonstimulating emergence from anesthesia [2, 3] . Nowadays, the H&N anesthesiologist is also expected to step out of the traditional operating room (OR) boundaries, act as a competent consultant for proper patient selection and preparation, and help devise rational enhanced recovery pathways (ERAS) for H&N surgical patients. The recognition of the need for special H&N anesthesia skills came about gradually, but had rapidly accelerated since 2011 after almost simultaneous creation of the international Society for Head and Neck Anesthesia (SHANA, www.shanahq.com/) and the Head and Neck Anaesthesia (HANA) group of the Association of Anaesthetists of Great Britain and Ireland (AAGBI).
Fellowship overview
In recognition of a need for a special expertise in H&N anesthesia, Stanford University Department of Anesthesiology, Perioperative and Pain Medicine has been offering a 1-year fellowship in H&N anesthesia and advanced airway management since 2009, making it the oldest formal fellowship of this kind in the United States. The fellowship is highly structured, integrates didactic, clinical, and research components, and also allows for personalized curriculum and a flexible starting date. A high case volume and a large number of faculty (below) make it possible to train up to 2 fellows per year. To date, 9 full-time and part-time fellows have completed the training with the latter spending 2-3 months on H&N anesthesia service as part of the Advanced Clinical Anesthesia fellowship curriculum.
The H&N anesthesia training is intertwined with the Stanford H&N Anesthesia and Advanced Airway Management Program (SAAMP), which were established and developed in unison by a senior author (V.N.) in 1998 (Fig. 1) . The fellowship training builds upon the extensive H&N teaching curriculum developed for Stanford anesthesia residents (see below). Both the fellowship and the resident training, as well as and the SAAMP component will be discussed and presented to the reader in parallel.
Clinical training
The fellowship and resident training in H&N anesthesia and advanced airway management is run by the Stanford Head and Neck Anesthesia Division. It is one of the busiest divisions in the department that runs 3-6 adult operating rooms daily (pediatric H&N anesthesia is provided by the pediatric anesthesia division) and performs over 3000 H&N anesthetics annually. The division currently includes 9 designated Stanford faculty anesthesiologists with a special interest and expertise in H&N anesthesia, making it one of the largest H&N anesthesia groups in the country.
The H&N fellows receive excellent clinical training, gaining broad exposure to a variety of "bread and butter" and complex H&N cases. The Stanford University Medical Center (Figs. 2, 3) is a major tertiary care referral hospital, with 613 licensed beds, 21 ORs and multiple out-of-OR anesthetizing locations, nearly 2000 faculty physicians and > 1200 residents and fellows [4] . A new, adjoining 824,000-square-foot hospital with the additional 600 beds and 17 ORs will open in 2019 (www.designbuild-network.com/projects/ the-new-stanford-hospital-california/) (Fig. 4) .
The Otolaryngology-H&N Surgery department has over 50 faculty physicians, and is ranked in the Top Ten for ENT surgery in 2018 US News & World Report [5] . Complex H&N cancer surgery involves common use of the transoral robotic surgery and 90-100 free flap reconstructions annually. The Stanford Voice Center performs a high volume of phonomicrosurgery, laryngeal framework surgery, and reinnervation procedures. The otologic and neurotologic surgeries range from common interventions, such as middle ear surgery, to skull base surgery, resection of acoustic neuromas, glomular tumors and cochlear implantation. The Stanford endocrine H&N surgical group is a premier referral center for thyroid and parathyroid surgery in Northern California. Stanford University has been a world pioneer in sleep medicine and innovator of many of the obstructive sleep apnea (OSA) surgical procedures. The OSA surgical team performs the largest number (40-50) of the maxillary and mandibular osteotomy and advancement surgeries annually in the United States, and our division also provides anesthesia for a variety of oromaxillofacial, orthognatic, and dental surgeries. The Stanford Sinus center performs hundreds of endoscopic procedures, including endoscopic pituitary surgery. The H&N anesthesia fellows also gain exposure to private practice facial cosmetic surgery and some of the unique challenges of office-based anesthesia.
The airway challenges in H&N anesthesia are abundant. Difficult airway management upon both induction and emergence is observed significantly more frequently in H&N surgery patients than in a general surgical population [6] [7] [8] [9] [10] [11] . Competent sharing of the Didactic and hands-on AAM teaching of the Stanford H&N surgical residents, Stanford pulmonary and critical care fellows, Stanford pediatric and neurology intensive care fellows, and airway practitioners from around the world is conducted in a structured and comprehensive airway course setting. The lecture and hands-on Stanford Advanced Airway Management and Fiberoptic Course is offered nationally and internationally. Over the years of its existence, the SAAMP members, together or individually, have given multiple national and international lecture and hands-on airway courses, training over 1300 airway practitioners. patient's airway requires the anesthesiologist's thorough familiarity with the surgery-specific airway management requirements, which are frequently unique. Success often hinges on a high degree of cooperation with the H&N surgeon, a reciprocal understanding of the potential problems, and adequate preparation on both sides to meet the anticipated challenges that may arise [12] . In the Fourth National Audit Project (NAP4), H&N patients comprised nearly 40% of cases with airway management-related complications, and almost 75% of cases where an emergent surgical airway was required for the "cannot intubate-cannot ventilate" situation [6, 7] . Thorough appreciation of the complexity of the upper airway anatomy, the pathologic process involved, and all steps of the surgical procedure are necessary for devising safe and rational perioperative airway management strategies [13] . A Stanford H&N anesthesia fellow may expect to see a wide variety of patients with difficult airways and become highly proficient with the multitude of advanced airway management options, including awake intubation techniques. During the training, the fellow will learn to expertly use different intraoperative ventilatory techniques for laryngologic surgery, such as automated supraglottic and infraglottic jet ventilation, apneic intermittent ventilation, and Transnasal Humidified Rapid-Insufflation Ventilatory Exchange (THRIVE) [14] . The use of THRIVE has become widespread in our practice, resulting in fewer jet ventilation cases.
In the 20 years since its inception, the Stanford H&N anesthesia division has accumulated substantial clinical and teaching experience. Some of the examples of our clinical work include:
• Stratified use of different opioid infusions [2] .
• Predominant use of total intravenous anesthesia with routine intraoperative hypnotic monitoring.
• A focused elective teaching of the advanced airway management devices and techniques for specific surgical procedures.
• Protocols for proper positioning and securing of the neural monitoring (nerve integrity monitoring) endotracheal tubes for thyroid/parathyroid and skull base surgery (Fig. 5 ).
• Protocols for safe techniques of nasal intubation and securing nasal endotracheal tubes for maxillary and mandibular osteotomy and advancement and transoral robotic surgery surgery (Fig. 6 ).
• Protocol for dexmedetomidine use for drug-induced sleep endoscopy.
• Anesthetic protocol for office-based facial cosmetic surgery.
• Protocols for supraglottic airway ventilation without immediate access to the patient's airway [15] (Fig. 7) .
• Routine use of the preoperative endoscopic airway examination [16] for complex H&N cases with known or suspected airway compromise, following NAP4 recommendations [7] (Fig. 8 ).
• Protocols for the use of THRIVE for laryngologic surgery ( Clinical and didactic teaching. Acquisition and assessment of competencies
The Stanford H&N anesthesia fellowship is a full pay-back fellowship, which requires the fellow to work 3 days a week in the OR under the attending's supervision, and the remaining 2 days solo while billing for services. The fellows also have academic days, which are dedicated to reading, research, or other valued scholarship activities. During supervised cases, faculty members of the H&N anesthesia division teach advanced airway techniques on a daily basis, even for purely elective cases. A fellow may expect not to use direct laryngoscopy at all for the full duration of the training! Close clinical supervision greatly facilitates a goal of progressively moving a fellow toward conditional independence and full autonomy [17] . Each month, a fellow is joined on service by 2 anesthesia residents, who are required to spend at least 1 month on the H&N Anesthesia/ Advanced Airway Management rotation during their training. The rotation is consistently ranked among the top 4 rotations of the Stanford anesthesiology residency program, and has been named For didactic teaching, we are in the process of moving all of the educational resources to an on-line platform. The e-learning has proven to be at least as effective as conventional instructorled methods, such as lectures, and is transforming the traditional role of the teacher by flipping the classroom and embracing a trainee-centered learning approach [18, 19] . With adaptive e-learning, a trainee can achieve personalized learning objectives through full control over content, pace of learning and a learning sequence, and can also enjoy collaborative learning through interactions with others [18] . Current on-line tools include a milestone-specific learning objectives (Appendix 1), structured Head & Neck Advanced Airway Resident Learning Portfolio (Appendix 2), Stanford H&N Portfolio Evaluation tool (Appendix 3), the selected chapters on H&N anesthesia and airway management, short didactic lectures, How-To's (pointof-care clinical guide) teaching videos and modules, pretest/ posttest, and a library with carefully selected publications on relevant topics. The fellows' didactic education is supplemented by formal lectures, short OR talks and presentations, additional reading materials and multimedia resources, as well as one-onone airway mannequin training with the faculty. The opportunity for immersive, high-fidelity airway simulation also exists under the supervision of the members of our team who have a special expertise in this area.
The fellowship clinical curriculum builds on the milestone-specific learning objectives, which we developed to promote competency-based medical education (CBME) in H&N anesthesia (Appendix 1). We use the same milestone approach for training the residents rotating through H&N anesthesia service, in compliance with the Accreditation Council for Graduate Medical Education (ACGME) Next Accreditation System (NAS) [20, 21] . The milestones represent defined, observable, and measurable markers of an individual's progression within subcompetencies toward the achievement of the core global competencies required for unsupervised practice (Table 1) [22] . For the residents, milestones were made realistic and aimed at a "passing score" that corresponds to "fair" resident's performance. For example, we allotted 5 minutes to perform an elective, uncomplicated blind tracheal intubation com using the intubating laryngeal mask airway, which is 2.5 times longer than the mean/median intubation time reported in the literature [23] [24] [25] [26] . Higher performance expectations are set for the H&N anesthesia fellows, who are expected to function at the consultant level at the end of training.
Finding the optimal ways for evaluating the trainee's learning, competence [Competence is an observable ability of a health professional to do a specific activity that integrates knowledge, skills, values, and attitudes. Competence is multidimensional (combines multiple aspects of performance), context-sensitive (refers to a particular situation), and dynamic (changes with time, experience, and setting) [17] ] and performance [Performance is an application of new skills or strategies in the practice setting.] has been a topic of discussion and controversy (for review see Bould et al, Kogan et al, and Wong) [27] [28] [29] . While factual knowledge can be adequately assessed by pretest and posttest and oral examinations, appraising dexterity and performance, which constitute the top of Miller's competence pyramid [30] can be difficult. Our experience unequivocally confirms that direct observation of the trainee shall remain the evaluation cornerstone in H&N anesthesia and advanced airway management. The consequence of suboptimal skills in H&N anesthesia and difficult airway management can be disastrous, as a competition for the airway and a lack of communication with the surgical team can turn even a simple case into a chaotic, life-threatening crisis.
While many tools are available for direct observation of clinical skills, few have been thoroughly evaluated and tested [28] . The Stanford H&N Portfolio Evaluation (Appendix 3) facilitates the objective trainee's assessment through clearly defined milestones for each NAS subcompetency. Each milestone is scored on a 5-point numerical scale, with 0.5-point score increments. The scores are automatically tallied across the milestones and mapped to subcompetencies and core competencies (Fig. 10) . The Portfolio Evaluation (Appendix 3) satisfies many essential requirements for highly suitable assessment tools: it is feasible, easy to use, assesses as many areas of the field as possible, provides immediate feedback to direct both individual and programmatic changes, and is valid [23] . In accordance with the common practice, we have established face validity of our milestone evaluation by a simple consensus between the members of the H&N anesthesia division. Absent testing for complex behaviors, many other types of validity became largely implicit. For example, content validity means that our assessment tools appropriately measure a group of skills involved in the competence. We overcome innate subjectivity of each individual evaluation by testing the newly acquired competencies on multiple occasions, and by multiple evaluators, to ensure the reproducibility of the results (concurrent validity) and intrafaculty and interfaculty reliability in assessment. The latter is implied due to adequate subspecialty expertise of the evaluating faculty.
The Stanford Portfolio Evaluation (Appendix 3) for assessing the residents' performance has had mixed results due to a short duration of the H&N anesthesia rotation and occasional cognitive overload for the trainees. It may be necessary to adjust the expectations for the acquisition of competencies by the residents to the defined required minimum, essential skill sets [31] . However, a year-long H&N anesthesia fellowship training affords ideal opportunities for a personalized training and monitoring clinical progress toward achieving of competencies, especially when Portfolio Evaluation is supplemented by the fellow's quarterly reports. We do not introduce a summative Portfolio Evaluation of the fellow's performance in practice immediately. Structuring the learning content using information-rich tasks for formative assessment, and following it with the summative assessment tools at a later time has proved to be a feasible approach for postgraduate curriculum design [32, 33] . The use of the Stanford Portfolio Evaluation (Appendix 3) also improves the validity of assessments at different time points, which helps devise the essential interventions, such as the solutions and approaches for correction, advancing individual accountability, and defining expected timeline for improvement [23, 31] . Such in-depth evaluation facilitates a smooth progression to the other valid assessment tools, such as entrustable professional activities (EPAs) [The EPAs are the tasks or responsibilities that can be entrusted to the unsupervised execution by a trainee once (s)he has attained sufficient specific competence [17, 32] . The EPAs require the integration of multiple competencies, usually across domains of competence, and are useful for overall assessment [31, 32, 34] .].
Research and scholarly opportunities
Research is an integral and required part of the Stanford H&N anesthesia fellowship. A fellow can choose to join the existing projects or to develop his/her own. Current studies include the investigation of the use of THRIVE for laser laryngologic surgery, short laryngologic surgery, and diagnostic bronchoscopy (ClinicalTrials.gov Identifiers: NCT03086265, NCT03091179, NCT03086408), and the exploration of the analgesic effects of the non-invasive transcranial electrostimulation technique for OSA patients postoperatively. The Stanford H&N anesthesia division is also actively engaged in designing ERAS pathways for H&N cancer patients. Other scholarly opportunities include grand rounds presentations, research presentations at the departmental, SHANA and the Society for Airway Management (SAM) meetings, international global health care trips, attending educational conferences of choice, and participating as an instructor in the annual Stanford Advanced Airway Management and Fiberoptic Course, which is the "crown jewel" of the SAAMP program. The course seats 90 learners, presents over 30 evidence-based lectures, reviews, and case discussions, and features an integrated, 6 station fiberoptic intubation course and 12 state-of-the-art hands-on difficult airway stations. Table 1 Core competencies of the residency training required by the Next Accreditation System (NAS) of the American Board of Anesthesiology (ABA) and the Accreditation Council for Graduate Medical Education (ACGME). 
Conclusions
Comprehensive, targeted educational efforts in H&N anesthesia and advanced airway management lead to improvements in the care of patients undergoing H&N surgery [9] . The Stanford fellowship experience is guiding the SHANA efforts for promoting advanced education in H&N anesthesia around the world.
Although the best core assessment tools for H&N anesthesia fellowship training still need to be established, the Stanford Portfolio Evaluation Tool (Appendix 3) creates a reasonable and usable framework. The reader may also find it highly useful for H&N anesthesia training of the residents, especially when tying core learning outcomes to the ACGME milestones is desired. The Stanford H&N Anesthesia learning objectives and milestones (Appendix 1), as well as the Stanford Learning Portfolio (Appendix 2) and the Portfolio Evaluation Tool (Appendix 3) are attached to this report for download, sharing, and modification. The more advanced milestones can be added to the fellow's teaching curriculum, as desired, to allow for a more personalized training plan. The design of our Portfolio Evaluation Tool (Appendix 3) also can be easily extrapolated to other subspecialty anesthesia training.
On the basis of the experience of the Stanford H&N Anesthesia Division, the essential requirements for successful, structured subspecialty training in H&N anesthesia are summarized ( Table 2) . We look forward to continuing to share our experience in clinical care, education and research with the national and international anesthesia community.
The NAS CBME defines 6 core clinical competencies, which contain 25 anesthesia subcompetencies (listed in parenthesis). The subcompetencies include the milestone-specific learning objectives, which we developed to promote CBME in H&N anesthesia for trainees (Appendix 1). We use the same milestone approach for training the fellows and residents rotating through H&N anesthesia service, in compliance with the NAS system.
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Table 2
Essential requirements for a structured subspecialty training in head and neck anesthesia.
Identify the essential knowledge and skill sets required for best practice Develop measurable and valid ways to evaluate trainee's learning, competence and performance Institute structured, curriculum-based teaching Develop and maintain on-line, up-to-date, evidence-based educational resources Introduce comprehensive point-of-care clinical guide Maintenance of superior technical skills by the teaching faculty Encourage and promote academic research and scholarly activities by trainee during fellowship training Nekhendzy and Mittal. JOHNA (2019) 3:e08 www.journalheadneckanesthesia.com
Keeping track of learning and maintaining a personal development portfolio by the trainee is highly desirable to demonstrate competency in practice-based learning and improvement. The trainee (a fellow or a resident) keeps track of the type of the surgical procedures and anesthetic/airway management techniques employed, allowing for self-monitoring of the achieved clinical progress. 
STANFORD HEAD & NECK ANESTHESIA RESIDENT LEARNING PORTFOLIO TYPE OF ADULT SURGICAL PROCEDURE

Grade
Communicate to the patient's family members a safe conclusion of anesthetic, whenever feasible (ICS1) 
